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(150 mL) and added with NaHCO3 (3.73 g, 44.4 mmol). The resulting mixture was transferred to a separation funnel and extracted with CHCl3 (60 mL × 3). The combined organic phase was evaporated to dryness, yielding the desired product as a waxy solid (weight~40 g).
The above product (40 g), sodium azide (10 g, 154 mmol), THF ( 50 mL), H2O (50 mL) and NaHCO3 (0.5 g) were added to a two-necked round bottom flask equipped with a distilling head connected to an ice bath cooled round bottom flask (as solvent trap). The reaction mixture was heated to distil off the THF. After complete removal of THF, the reaction mixture was refluxed overnight.
The reaction mixture was cooled to room temperature and transferred to a separation funnel and then repeatedly extracted with CHCl3 (100 mL × 5). The combined organic layers were dried over anhydrous Na2SO4 (~50 g, 30 min), filtered and then concentrated under vacuum to remove solvent, yielding a pale brown oil which solidified into a waxy material at low temperature (~53 g). A 1.50 g portion of the crude compound was purified by flash chromatography using silica gel with 15:1 (vol/vol) CHCl3:MeOH as the eluent. Each fraction was checked by TLC (Rf for N3-PEG-N3 = 0.24) and the fractions containing the pure product were combined. After the solvent was removed, 0.852 g of the desired product (58% yield) was obtained. The chemical structure of the prepared N3-PEG-N3 was confirmed from its 1 H NMR spectra shown below. The chemical structure of N3-PEG-N3 linker was further characterized using mass spectrometry (Bruker maXis impact 2 spectrometer). The polyethylene glycol (average MW~1000) used to synthesize the N3-PEG-N3 contained a mixture of different length ethylene glycol chains. The general molecular formula for the N3-PEG-N3 is (CH2)2(C2H4O)n N6:
Where n is the number of the ethylene gylcol units (EG, MW = 44 g·mol -1 ). The MW peaks reported in the mass spectra were determined to be the sodium ion adducts [MW + Na + ].
Therefore, the chain length of N3-PEG-N3 can be estimated from the formula: 135 + 144 n. The mass spectra of N3-PEG-N3 and the assignment of the corresponding EG chain length for each of the molecular ion peaks was shown below.
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Typical mass spectra of N3-PEG-N3. The ion peaks are reported as (MW + Na 1+ ) and the corresponding ethylene glycol chain lengths were assigned to each molecular ion peak. 
B) Amine transformation of one terminal azide group, N3-PEGn-NH2 (n =~23)
N3-PEG-N3 (4.5 g, 4.36 mmol) was dissolved in a mixture of 15 mL EtOAc and 15 mL CHCl3 and 1.0 M HCl (10 mL, 10 mmol) in a 500 mL two necked round bottom flask equipped with an addition funnel, septa and magnetic stirrer. The solution was stirred under a N2 atmosphere and cooled to 0ºC in an ice bath. Then triphenylphosphine (TPP, 1.25 g, 4.76 mmol) was dissolved in ethyl acetate (17.0 mL) and transferred to the addition funnel. The TPP solution was added dropwise to the reaction mixture while maintaining the temperature at 0-5ºC. After the addition was complete, the reaction was gradually warmed up to room temperature (20-25 ºC) and was stirred overnight (~12 hours) under a N2 atmosphere. The biphasic mixture was transferred to a separation funnel and the aqueous layer was collected and washed EtOAc (100 mL × 2) to remove any unreacted TPP and triphenylphosphine oxide byproduct. The aqueous layer was transferred to a round bottom flask with a magnetic stirrer and placed in an ice bath.
Potassium hydroxide (5.05 g, 90.0 mmol) was slowly added and the mixture was stirred until all solid KOH was dissolved. The aqueous layer was transferred to a clean separation funnel and was repeatedly extracted with EtOAc (100 mL × 5). The combined organic layers were dried over anhydrous Na2SO4 (~50 g, 30 min), filtered and concentrated under vacuum to yield a pale oil like product which solidified into a waxy material at low temperature (~5.1 g). Ã 1.5 g portion of the crude compound was purified by column chromatography using silica gel with 5:1 (vol/vol) CHCl3:MeOH as the eluent. Each fraction was checked by TLC (Rf for N3-PEG-NH2 = 0.28) and fractions containing the pure product were combined. After removal of the solvent, 0.875 g of the pure product was obtained (68% yield). The 1 H NMR spectra of the purified compound was shown below. The chemical structure of NH2-PEG-N3 was further characterized using mass spectrometry.
The general molecular formula of the desired NH2-PEG-N3 product can be described as (CH2)2(C2H4O)nH2N4:
The MW peaks [MW+H + ] for the desired NH2-PEGn-N3 product with different EG chain lengths were estimated from the formula (87 + 44 n). The mass spectra of NH2-PEG-N3 and the assignment of the corresponding EG chain length for each molecular ion peak were shown below.
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Mass spectra of NH2-PEG-N3. The ion peaks are reported as (MW+H 1+ ) and the corresponding ethylene glycol chain lengths were assigned to each molecular ion peak. 
S3. Calculation of surface biotin on polymer beads using HABA assay
The calculation was based on the assay protocol provided by the supplier. The change in the absorbance at 500 nm for the HABA/Avidin complex upon addition of the sample was calculated as follows: S2. Comparison of the limit of detection (LOD) of some sensitive DNA assays and our MNPenzyme sandwich assay using single enzyme amplification. Table S3 . Comparison of the sensing performance of some ultrasensitive DNA assays, LOD: limit of detection, DR: detection dynamic range; RCA: rolling circle amplification.
Amplification and readout strategy LOD (aM)

DR (fM) Ref
Colorimetric readout using GNP + Ligase chain reaction 20 0.050- 20 16 Electrochemical readout using CdTe QD + target recycling + RCA 11 0.01-10 4 17
Fluorescence readout using QD +Primer generation + RCA 50.9 0.1-10 6 18 Single particle fluorescence detection using QD entrapped liposome 1-2.5 ? 19
Electrochemical readout using target recycling + signal amplifcation 10.9 0.1-10 9 20
Electrochemical sensing using graphene-supported ferric porphyrin 22 0.1-10 4 21
MNP-sandwich + ligation with poly-enzyme nanobead amplification 1.6 0.001-10 3 This work Sensing Method LOD (pM) Ref.
Photonic crystal hydrogel beads 0.66 2
Electrochemical detection based on bar-coded gold nanoparticles~4 3
Magnetic particle-dye sandwich assay 100 4
Au particle-on-wire surface-enhanced Raman scattering (SERS) 10 5
Fluorescence based on Ag@poly(m-phenylenediamine) nanoparticles 250 6
Microcantilever array based nanomechanical sensing 10 7
Silver particle amplified surface enhanced Raman scattering 1-33 8
Graphene quenched fluorescence DNA nanoprobes~100 9
Graphene-based high-efficiency surface-enhanced Raman scattering 10 10
Zn(II)-porphyrin/G-quadruplex complex with Exo III-assisted target recycle 200 11
MNP-enzyme probes detected via a personal glucose sensor 40 12
Electrochemical DNA sensing using a DNA tetrahedron structure 1 13
Gold nanoparticle amplified surface Plasmon resonance sensing 10 14 Electrochemical sensing via a DNA Super-sandwich Assembly 0.1 15
MNP-sandwich + ligation with single-enzyme amplification~1
This work
